The discrepancies found between S-wave and P-wave fits for hyperon decays are reinvestigated using the heavy baryon chiral Lagrangian formalism. The agreement is found to improve through the inclusion of previously omitted diagrams. The S-waves are unaffected by this, but the P-wave predictions are modified. A correlated fit to the chiral parameters is performed and the results discussed.
I. INTRODUCTION
Chiral perturbation theory is an effective theory which obeys the symmetries of QCD and contains a number of parameters which must be determined experimentally. If the theory reflects nature, then the parameters should be universal. This can be tested through one-loop SU(3) breaking calculations for the decays of the octet and decuplet baryons. Uncalculable terms may yield corrections of up to 30 percent to these predictions, but if the variance in the comparison to experiment goes beyond this, the validity of the chiral expansion is questioned for that process, and the reliability of estimating unmeasured processes is open. The two-body weak ∆s = 1 decays of hyperons are a natural place to investigate the validity of chiral perturbation theory. The experimental observables have been well measured, and calculations including leading logarithmic corrections (which appear through one-loop SU(3) breaking diagrams) have been performed [1, 2] . A comparison of these results, however, showed that the parameters which fit the S-wave decays was inadequate for describing the Pwave decays. This caused concern about the legitimacy of the chiral Lagrangian expansion, at least for these processes [1, 3] . In this paper, previously omitted diagrams have been included in the calculation of P-wave amplitudes for nonleptonic hyperon decay. A correlated fit to the three weak parameters is performed and compared to previous results. The fit to the data improves markedly when one of the strong parameters, which is not well constrained at present, is also allowed to vary.
II. THE CHIRAL LAGRANGIAN FOR NONLEPTONIC DECAYS.
Heavy Baryon Chiral Perturbation Theory (HBChPT), which is used to make predictions for hadronic processes at momentum transfers much less than one GeV, is introduced and well described in Ref. [4] . The weak interaction portion of the Lagrangian needed for ∆s = 1 hyperon decays, which transforms under SU(3)
contains the particles which are dynamic in the energy regime relevant for hyperon decay. This includes the lowest mass octet and decuplet of baryons, and the octet of pseudoGoldstone bosons.
where f ∼ 93 MeV is the meson decay constant, the light quark mass matrix m q = diag{m u , m d , m s }, and
is the covariant chiral derivative. The subscript v on the baryon fields makes explicit that, in HBChPT, velocity is a good quantum number and labels the field for this portion of the Lagrangian. The actual full Lagrangian is a sum over all such velocities on terms like that above. The B v are the octet of baryons, and the T µ v are the decuplet of baryons (the µ index is the Lorentz superscript for this Rarita-Swinger field). The vector and axial vector chiral currents used are defined by
Higher dimension operators, which contain more derivatives or insertions of the light quark mass matrix, are not needed in Eq. (2.1) to the order we are working. The octet of pseudoGoldstone bosons, M, appears through
3)
The strong couplings constants F, D, C, and H have been obtained by comparing one-loop computations of axial matrix elements between octet baryons to semileptonic baryon decay measurements [4] . The constants C and H are further constrained through the one-loop computation of the strong decays of decuplet baryons [5] . This yields,
Note that the sign of C remains a convention. The errors do not include theoretical errors. Assuming octet dominance (the ∆I = 1 2 rule), the ∆s = 1 weak Lagrangian is 
III. HYPERON DECAY AMPLITUDES
In this section, the formulae for the S-wave and P-wave amplitudes for ∆S = 1 nonleptonic hyperon decay are discussed. The S-wave amplitudes were calculated previously [2] . The portion of the P-wave amplitudes coming from the diagrams in Figure 1 were also calculated in [2] . The pieces which are new and the subject of this work affect the P-wave amplitudes and arise from the diagrams in Figure 2 .
The total amplitude for a decay of an initial octet baryon to a final octet baryon, B i → B f π is given by
where k is the outgoing momentum of the pion and S v is the spin operator for the baryons. The amplitudes A (S) and A (P ) are the S-wave and P-wave amplitudes. Of all physically possible decays within the octet of baryons, only four are independent after isospin symmetry has been imposed. In keeping with Refs. [1, 2] , we will continue to choose those four to be
The results will be given using the following definitions of A (S) or A (P ) :
where
The kaon decay parameter and mass are f K and m K , respectively, and the chiral symmetry breaking scale, if terms can be found in Ref. [2] . Despite apparent differences in amplitude definitions, these can be taken straight across because of the units used. The values finally obtained will be different simply because the fit to parameters will include the changes in the P-wave amplitudes.
Similarly, the α 
with
IV. DISCUSSION
The amplitudes obtained from including the diagrams in Fig. 2 are shown in Tables 1  and 2 . The experimental measurements, including errors, are shown in the first column. The second column contains the tree level SU(3) predictions, where the chiral parameters used are the ones extracted from tree-level fits. The third column shows the results of Ref. [2] .
The fourth column contains the chiral one-loop predictions using weak parameters obtained by fitting only to the S-wave experimental values. To most closely match the analysis of Ref. [2] , the strong interaction couplings are chosen to be F=0.4, D=0.61, |C| = 1.6, and H = −1.9. Letting the weak parameters h D , h F , and h C vary, a fit to the S-wave decays yields [6] h D = −0.32 ± 0.01, h F = 0.98 ± 0.03,
The errors shown are only those which arise from the experimental variances. The parameter h C is not well determined and large variations in its value do not appreciably change the predicted amplitudes. The S-wave predictions are essentially unchanged using the parameters above, and the loop corrected chiral predictions are in excellent agreement with experiment, as demonstrated in Ref. [2] . The situation for the P-wave predictions is improved for Σ + → nπ + , where the agreement is within the allowed 30 percent variation for chiral predictions. For the decays Σ → nπ − and Λ → pπ − , the additional graphs bring the prediction back to tree level values, while the Ξ → Λπ − decay remains essentially unchanged. The fifth column in Tables 1 and 2 contains the results from using both S-wave and Pwave amplitudes to fit the weak chiral parameters. The tree level Ω decays for which there are experimental results are used as well. Expressions for these are in Ref. [2] . The strong decays of the decuplet favor midpoint values for |C| and H of 1.2 and -2.2, respectively [5] . A fit to h D , h F , and h C in this scenario yields
The S-waves are still within 30 percent, but the P-waves get worse. The nonleptonic hyperon decays clearly favor a larger value for |C| than do the strong decuplet decays. The dependence on H is not as sensitive. Using the eight independent nonleptonic hyperon decays, along with the Ω decays, and H = −2.2, the parameters C, h D , h F , and h C are allowed to vary. The best fit is obtained when
The matrix of correlation coefficients for this fit, given in the order ( The S-wave and P-wave amplitude predictions using these parameters are given in the final column of each Table. The S-waves remain well described, and all but the Λ → pπ − P-wave modes do as well as the S-waves. This later decay amplitude becomes positive for parameter values still within ranges allowed by other observables, but the agreement remains poor. Still, the additional diagrams have improved the situation to the point where the chiral expansion appears to be on more solid footing with respect to the P-wave decays. As Jenkins points out in Ref. [2] , the large corrections which the loop diagrams give to the tree-level results need not be taken as evidence that the chiral expansion is ill-behaved if it is the leading order terms which are anomalously small rather than the loop effects which are unnaturally large. Table 1 . The S-wave ∆s = 1 hyperon amplitudes. The first column is the experimental result and the next is the tree level prediction of chiral perturbation theory [1, 2] . The third column contains the loop corrected results of Ref. [2] . The "theory (S)" column gives the fit using S-wave predictions only, with the Ref. [2] values |C| = 1.6 and H = -1.9. The "theory (∆)" column fits both S-wave and P-wave expressions, but uses |C|=1.2 and H = -2.2 taken from the strong decuplet decays. The last column uses the parameters which were obtained from a best fit including both S-waves and P-waves, H = -2.2, and C fit, including the diagrams of Fig. 2 . Table 2 . The P-wave ∆s = 1 hyperon amplitudes. The first column is the experimental result and the next is the tree level prediction of chiral perturbation theory [1, 2] . The third column contains the loop corrected results of Ref. [2] . The column labelled "theory (S)" uses the parameters obtained from fitting to the S-wave expressions only, with |C| = 1.6 and H = -1.9, and includes the P-wave diagrams of Fig.  2 . The "theory (∆)" column fits both S-wave and P-wave decays, but uses |C|=1.2 and H = -2.2 taken from strong decuplet decays. The last column is the result of parameters extracted from a best fit of both S-wave and P-wave expressions, with H = -2.2, and C fit, including the diagrams of Fig. 2 .
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